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A DISCUSSION OF THE SCIENTIFIC PRINCIPLES 
WHICH CONTROL THE CONSTRUCTION 
OF NON-GLARE MIRRORS 


HE PHENOMENA usually referred to as “glare” is one 
of physiological, or psycho-physiological, optics. The 
human_eye_is a very delicate organ which is provided 
with means for automatically adjusting itself to a very 
wide range of light impressions; and under proper condi- 

tions one can observe without fatigue or undue nervous strain objects 

which range in brightness from a brilliantly sunlit field of snow— 
whose intensity is equal to, or exceeds, 10,000 foot candles (i. e., the 
illumination produced on a perfectly dif diffusing white surface ne 

10,000 candle power lamp at a distance of one foot)—to the faint 

details of a starlit landscape—whose corresponding intensity is less 

than one one-hundred thousandth (.00001) foot candles. But this 
enormous range (1,000,000,000%) “of a adaptation is only possible 
when the muscular mechanism, which controls the size of the pupil 
and the correlated psycho-physiological actions which result from the 
impingement of the light waves on the rods and cones of the retina, 
are given ample time in which to properly respond and adapt them- 
selves to such widely varied stimuli. As illustrating the length of 
time required in extreme cases it may be stated that in passing from 

a highly lighted exterior into a dark room the eye requires nearly “one. 

te j ro t shest degree of sensitivity 


itself to the hig 
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‘ing very slowly for the first five or ten min 
for the next twenty minutes and then more slowly again until the 
maximum of effectiveness and of visual acuity is attained—and in this 
time the sensitivity is increased about seventy thousand (70,000) 
times. 

Another well known characteristic of the sense of sight is what 
is commonly designated as the persistence of vision—which causes 
an image of a bright object that is momentarily formed on the retina 
to continue, or remain for some time, as a mental impression after 
the image itself is extinguished—and this is closely associated with 
the allied phenomena of “after images,” which are one of the most 
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fruitful causes of ocular confusion and temporary paralysis of the 
coordinated visual-muscular actions and reactions. “The magnitude 
and persistence of this “after image” effect is astonishing. Experi- 
ments of various observers have demonstrated that after an exposure 
of only one-fifth of a second (0.2 sec.) to the light of a tungsten 
vacuum lamp filament (which has an intensity of about 1,000 candles 
per square inch of radiant surface) the retinal impression—or the 
mental reaction therefrom—is prolonged for nearly twenty seconds; 
and that after an exposure of two seconds to such a source the result- 
ant impression persists for more than a minute (viz., from 65 to 70 
sec.). With fainter sources of illumination the after image effect is 
somewhat less serious, but in all cases the exposure of the eye which 
had adapted itself to a certain field of brightness, to a considerably 
increased intensity of light, produces a temporary disturbance of 
physiological, and in some cases, of psychological, balance, and a 
resultant impairment of the mental responses to the sense impressions, 
that may, and very often does, interfere seriously with the reflex con- 
trol of muscular activities. Many automobile accidents and fatalities 
that are caused by blinding headlights are perhaps due to this tempo- 
rary impairment, or partial paralysis, of the mental functions rather 
than to the momentary loss of visual acuity. 

Considered broadly there are four phases of ocular sensitiveness 
which are now well recognized as the important factors of efficient 
vision. These are : (1) Threshold sensibility, which measures the 
lower limit of intensity or brightness which the eye will perceive; (2) 
Contrast sensibility, which measures the sensitiveness or response of 
the eye to differences in brightness (sometimes called photometric 
sensibility) ; (3) Spectral sensibility—the absence of which causes 
“color blindness”—which measures the capacity of the eye to detect 
and distinguish between lights of different wave lengths or colors; 
and (4) Glare sensibility, which is measured by the rapid change in 
intensity that the eye can withstand without serious discomfort and 
which, as one investigator has very aptly put it, indicates the ability 
of the retina to stand an “overload.” 

When light falls upon a normal or healthy retina the different 
sensations which are produced—of brightness, of contrast, of color, 
and of possible “glare”—depend upon a number of varying conditions, 
chief among which are: the intensity of the light radiation, or the 
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light “flux” as it is termed; the duration of its impression or action; 
the physiological condition of the organ as determined or influenced 
by its previous surroundings; the line of vision (direct or indirect) ; 
the wave length or color of the incident rays; and, last, but not 
least, the pyschological state of the observer. The effects of these 
variables have all been carefully studied; and we are fairly well in- 
formed as to the reactions of the normal eye, under diferent stimuli, 
with the exception of those which are due to the so called “glare” 
impressions, 

Glare is a very indefinite and loosely used term. The phenomena 
itself is hard to define quantitatively because the criteria of different 
persons as to what constitutes a glaring light are so widely divergent 
in character. Almost all that can be said is that “when the eye is 
adapted to a certain brightness” (or intensity of general field illumi- 
nation) “and is then suddenly exposed to a much greater brightness 
the latter may be called ‘glaring’ if it is uncomfortable and is in- 
Sstinctively avoided by the eye.” Such an effect may be produced not 
only by an excessive intrinsic brightness of the suddenly applied light; 
but also by excessive contrast; ¢. g., a match flame on a dark night 
may appear glaring to an eye that has previously adapted itself to the 
faint illumination of its surroundings. ‘The existence and the magni- 
tude of the “glare” impression is also influenced by the extent or area 
of the source of light—e. g., a large area of a given brightness may 
produce glare, when a smaller area of the same brightness will not— 
by the time of exposure to the light (which controls the duration of 
the “after images”) ; and by the direction of its impingement on the 
eyeball. But this is certainly true: That all forms and all degrees of 
“slare,” which the eye instinctively seeks to avoid, reduce the visual 
sensitiveness, or the ability to see clearly; impair the sense of auto- 
matic muscular control and balance—which is more dependent upon 
our sense of sight than on any other of our mental impressions—and 
to that extent make our reflex actions under emergency conditions 
more or less uncertain and unreliable. 

We have very little data upon which to base any certain con- 
clusions as to the minimum intensity of light which will produce an 
objectionable night glare in the eyes of an automobile driver. Certain 
observers working under laboratory conditions, have obtained results 
which indicate that, in their case, a glare effect was obtained when 


the intensity of a suddenly applied illumination from a relatively 
small source—(e. g., such as the headlight of an automobile)—was 
about seventeen hundred (1700) times the cube root of the bright- 
ness of the normal field. The intensity of the general field in night 
driving varies from a minimum of about one one-hundredth of a foot 
candle on dark country roads—when illuminated only by the driver’s 
own headlight—to possibly one-tenth or more of a foot candle on 
well lighted city streets. Under these conditions it would appear, from 
the results above cited, that glare would be produced by an approach- 
ing headlight—as viewed either directly, or by reflection from a rear 
view mirror—when its brightness varies from 370 to 790 foot candles. 
The usual automobile headlight is equipped with a parabolic reflector 
of about one and one-quarter inch focal length (f=.104') and with a 
lamp of about twenty-one mean horizontal candle power. If the ~ 
source of light is a point and is placed at the exact focus of the reflec- 
tor the mean intensity at the center of the projected parallel beam (at 
sensible distances from the headlight) is a little less than ninety (90) 
times the mean candle power; i. ¢., about 1850 ft. candles. 

The application of these results to a rear vision mirror indicates 
that in order to avoid glare from the reflected radiation of a following 
headlight the mirror surface should be capable of absorbing or sup- 
pressing from 58% to 80% of the light incident thereon without 
impairing the optical perfection of the visual image. No metal reflec- 
tor is capable of obtaining such a result. The ordinary silver on glass 
mirror has a reflecting power which varies from 86% for blue light 
(wave length 4500 Angstrom units*) to 90% for red light (wave 
length 7000 Ang.). Electrically deposited nickel, copper and platinum 
mirrors have a somewhat lower reflectivity—ranging from 49%- 
59% for blue light to 69%-90% for red light—but this is consider- 
ably in excess of what is required. A mirror of electrically deposited 
gold has a reflectivity of only 33% for blue light (4500 Ang.), but 
its reflecting power for the longer wave lengths increases very rapidly 
—from 47% for green light (5000 Ang.), and 74% for yellowish 
green light (5500 Ang.)—up to a maximum of 89%-93% for red 
light (wave length 6500 to 7000 Ang.) ; and this material is likewise 


*An Angstrom unit is .0000001mm. or about .000000004 in. Green light 
has a wave length of about 5000 Ang. or about one-fifty-thousandth of an 
inch. 
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unsuitable for the particular purpose under consideration for the 
reasons which will now be explained. 

In the consideration of the necessary characteristics of a non-glare 
view mirror it is not sufficient to consider only the general or mean 
reflective power of the mirror surface for white light; but it is ex- 
tremely important to know what is termed the selective reflectivity 
of that surface; i. e., the relative reflecting power for radiation of 
different colors (wave lengths). The reason for this is that for very 
low intensities of illumination (less than 0.1 foot candles) the eye is 
most sensitive to blue-green light (wave lengths 4800 to 5100 Ang.) ; 
but for higher intensities (above 10 foot candles) the point of maxi- 
mum color sensibility is shifted toward the red side of the spectrum, 
i. @., to a region in the neighborhood of wave length 5550 Ang. In 
choosing a material which will be most effective in eliminating or 
minimizing glare by selective or absorptive reflection, we must there- 
fore be primarily guided by the absorptive capacity of that material 
for yellowish green light (supra). This fact greatly emphasizes the 
unsuitability of all of the various metal reflecting surfaces which have 
been previously mentioned. For the critical wave length (L=5550 
Ang.) the absorptive or suppressive power is less than 12% (100%— 
88.2%) for a silver backed glass mirror, is less than 40% (100%— 
61.to 63%) for electrically deposited copper, nickel and platinum 
mirrors, and only about 25% for the gold mirror; whereas, as previ- 
ously pointed out, an effective non-glare reflecting surface should be 
capable of absorbing or suppressing approximately 709% of the inci- 
dent light (i. e., should reflect approximately 30% of the yellowish 
green radiation) in order to meet the varied conditions of night 
driving. 

It should also be observed in this connection that practical con- 
siderations dictate the utilization of the maximum permissible re- 
fective power—i. e., the reflective power of the mirror should prefer- 
ably be somewhat greater than the mean value of 30% rather than 
less—because it is highly desirable to utilize the same mirror for both 
night and day driving, and to obtain at all times as clear and distinct 
a view as possible of all the objects in the mirror field. For this reason 
—and for the further reason that the greatest need for a rear vision 
mirror is in night driving on congested or much used city streets, 
which are usually well lighted, and where the maximum glare values 
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are allowable—a reflectivity of between 30% and 40% will most 
nearly approximate the most desirable performance of a mirror of this 
character. 

The practical problem of producing such a mirror as this has 
only recently been solved by the discovery of a successful process for 
depositing a thin semi-translucent film of a lustrous colored sulphide 
on the rear surface of a plane-parallel plate of glass. The reflective 
properties of the natural lead sulphide (galena) and of other mineral 
sulphides (e. g., molybdenite, stibnite and pyrite) have been investi- 
gated by various physcists (e. g., by Horn, Drude, Miiller, Tyndall 
and others), and they have found that the normal cleavage face of 
the first named mineral (i. e., galena) presents a selective reflectivity 
which would make it very well suited for use as a non-glare reflecting 
surface, were it not for the fact that the material itself is so irregular 
in texture, and the cleavage planes so irregular in form as to prevent 
the production of any well defined mirror images. These irregularities 
make it somewhat difficult to obtain any very certain, or definite, 
photometric values of the reflecting power of this mineral for the 
various wave lengths; but as nearly as can be determined from Tyn- 
dall’s measurements this is between 47 to 48% for the blue (4500 
Ang.), 37 to 38% for the yellowish green (5500 Ang.) and 38 to 
45% for the red (6500 to 7200 Ang.) ;—The minimum reflectivity 
being about 36% in the orange (yellowish red) portion of the spec- 
trum. Stibnite (natural sulphide of antimony) possesses a somewhat 
similar curve of selective reflectivity which varies from approximately 
50% in the blue-green, to a minimum of about 40% in the orange, 
and then increases again to approximately 44% in the extreme red; 
but aside from the physical defects of the material itself these values 
are all too high to obtain the most satisfactory results in non-glare 
reflection. 

The casual reader might well ask why Tyndall’s results—which 
were published in 1923 (Physical Review, Vol. 21, pp. 162-180)— 
did not point the way to the production of non-glare mirror films of 
artificially deposited metallic sulphides. The answer is a simple one. 
The chemically precipitated lead sulphide(PbS,), as ordinarily 
formed, is a dull black non lustrous material, which has very little, 
if any, reflective power for the visible part of the spectrum (i. e., for 
light of any color); and differs very radically in this, and other, 
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physical respects, from the natural mineral galena. It required long 
costly and often discouraging experimentation to develop and perfect 
a method whereby a lustrous colored film of artificially formed lead 
sulphide—presenting all of the physico-optical characteristics of ga- 
lena—could be successfully deposited in a sufficiently thin and uni- 
formly adherent and permanent layer on a suitable mirror base (e. g., 
such as a glass plate) ; and the Messrs. Colbert most certainly deserve 
great credit for their energy and undaunted perseverance in pushing 
this experimentation to such a highly commendable conclusion. By 
their efforts they solved a problem which had baffled their predeces- 
sors; and they have given to the art a characteristically new and highly 
useful article—which possesses distinctive advantages and character- 
istics not presented by any other form of non-glare (sic) reflector— 
that is not only admirably adapted to the immediate purpose for 
which it was developed, but which will also, in the opinion of the 
writer, find many other uses in allied arts, 

One further point remains to be considered. In the production of 
glass mirrors the reflecting film—whether it be mercury amalgam, 
silver, nickel, platinum or non-glare lead sulphide—is almost of neces- 
sity applied to the back of the mirror in order to avoid mechanical 
injury and eliminate the danger of tarnish.* Under such conditions 
two sets or series of images are formed—one relatively faint image 
produced by non metallic reflections from the front surface of the 
glass, and another much brighter image that is formed by the metallic 
coating on the rear surface of the mirror. The intensity of the non- 
metallic reflection is easily computed from Fresnel’s formula; and 
varies from 4.65% for perpendicular or normal incidence of the 
reflected rays to 4.82% for a thirty degree (30°) angle of incidence 
and reflection. If the two glass surfaces are slightly inclined to each 
other—as is nearly always the case in the ordinary shop run of com- 
mercial plate glass—the front and back surface images will not be 
superimposed, but will be laterally displaced from one another by an 
angular amount which is equal to fwice the inclination of the two 
reflecting surfaces. In the ordinary use of silver on glass mirrors the 
intensity of the secondary (front surface) images is so small as com- 
pared with that of the primary (back surface) images that this dis- 


*It is only in optical instruments—such as astronomical reflecting tele- 
scopes—that the reflecting film is deposited on the front surface of the glass. 
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placement—even if it is of considerable amount— does not lead to 
confusion, and no great care need be exercised in the choice of the 
glass mirror plates. But in non-glare mirrors the relative brightness 
of the two reflections differs to a much lesser degree—(the intensity 
of the front surface image being from 13% to 14% of that of the 
other)—and in making such a mirror special precautions must be 
taken, in the selection of a substantially plane parallel piece of glass 
as the supporting base for the metallic reflector film. In the manufac- 
ture of the non-glare metallic sulphide mirrors by the Colbert process 
each plate of mirror glass is individually examined and tested both 
for planeness (flatness) and for parallelism of the opposing surfaces, 
by an ingenious device which was designed for this particular pur- 
pose by Dr. K. Burns, of the Allegheny Observatory ; and all plates 
which show even the slightest indication of a “double image” forma- 
tion are rejected. The writer was interested in noting—as an indica- 
tion of the extreme care that is exercised in the attainment of the 
highest degree of excellence in the Colbert product—that more than 
65% of the plates so tested at the Liberty Mirror Works, are re- 
jected as unsuitable for these mirrors. It is very evident to any disin- 
terested observer that the Colberts have not spared any expense or 
avoided any trouble that would or might interfere with the produc- 
tion of a commercially perfect article of manufacture. 
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